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The authors investigated the influence of culture me-
dium pH and various kinds of protease inhibitors on the 
growth of Candida albicans when cultivated in liquid 
medium containing human stratum corneum (HSC) as 
the nitrogen source. Rapid growth of C. albicans was 
observed with weakly acidic media, particularly at pH 
4.0. From among the various kinds of protease inhibi-
tors added to the media at pH 4.0, pepstatin, a carboxyl 
protease inhibitor, most strongly inhibited the growth 
of C. albicans dependent upon its concentration. The 
antifungal effect of pepstatin was not fungicidal, but 
was nevertheless effective even at a very low concentra-
tion of 0.01 J.Lgfml. This inhibitory effect of pepstatin 
was considerably stronger than that of the well-known 
· antifungal agent, clotrimazole. Pepstatin is a specific 
inhibitor of keratinolytic proteinase (KPase) from C. 
albicans; it belongs to the carboxyl proteinases group 
and has an optimum pH at 4 .0. Pepstatin showed a 
strong antifungal effect, possibly through KPase inhi-
bition, in biologic (HSC) medium that was similar to that 
encountered in vivo. Our results suggest that KPase may 
play an importnt role in the growth of C. albicans and 
that pepstatin has the possibility of being used as a new 
type of antifungal agent. 
Candida albicans superfic ially invades the skin , mucous mem-
brane, and occasionally extends to the visceral organs causing 
severe systemic candidiasis. What factors enable C. albicans to 
penetrate and mul t iply within the host tissue? In order for C. 
albicans to be parasit ic on the stratum corneum, it would be 
expected to digest insoluble keratin proteins and acquire nutri-
tive substances by releasing some form of proteolytic enzyme 
itself. However, when C. albica.n.s was cult ivated in Sabouraud's 
dextrose agar, a medium frequently used in laboratories, pro-
teolytic enzymes were not able to be produced. Staib [1] was 
the fi rst to report the occurrence of proteolysis on serum protein 
agar wi th C. albica.ns. Remold et al [2] and Ruche! (3] subse-
quently reported the production of proteolytic enzymes from C. 
albicans cultivated in broth containing bovine serum albumin, 
describing the purification process and some of its properties. 
However no experiments were carried out to clarify the rela-
tionship between proteolyt ic enzymes and candidiasis on the 
stratum corneum. It was t herefore questionable whether the 
enzyme from C. albicans could digest and be inducted from 
insoluble keratinized t issue. Recently, Hattori et al observed 
t he induction of keratinolytic proteinase (KPase) from C. al-
bicans cultivated in a medium containing human stratum cor-
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neum (HSC) as a nitrogen source and noted that the crude 
enzyme solution had an optimum pH at 4.0 [4]. Negi et a! 
purified KPase from a culture supernatant and clarified some 
of its properties, which were very similar or identical to those 
of the proteolytic enzyme reported by Remold et al. They also 
showed that KPase could digest membraneous and fibrous 
fractions as well as the soluble HSC fraction [5] . Inhibitory 
profiles suggested the enzyme to be a carboxyl proteinase, it 
having a cathepsin D-like action and an activity that was 
strongly inhibited by the addition of pepstatin. The authors 
propose that KPase may be an important parasitic factor in 
the pathogenicity of C. albicans, enabling yeasts to obtain 
nutrients by digesting insoluble keratinized proteins. If this 
reasoning is correct, the growth of C. albicans in stratum 
corneum would be suppressed indirectly by inhibiting the ac-
tivity of KPase. With due consideration to these speculations, 
the int1uence of culture medium pH and various kinds of 
protease inhibitors on the growth of C. albicans in media 
containing HSC was investigated. 
MATERIALS AND METHODS 
As the cultivation method and strain characteristics were previous ly 
reported [5], t hey will be discussed only briefl y here. 
Strains and Cultivation Method 
A subcolony of C. albicans, N IH A-207 was kindly provided by Dr. 
Fukazawa, Department of Microbiology, Medical University of Yaman-
ashi. C. albican.s was precultivated in a 1% polypepton- 2% glucose 
broth at 27"C for 3 days. 
The liquid culture medium used for t his study has t he following 
composition (g/liter): yeast carbon base (Difco), 12 g; inositol (Kanto) , 
0.05 g; t hiamine (Sigma) , 0.01 g; pyridoxine (Sigma), 0.01 g. The liquid 
medium was ste rili zed through a 0.2-ILm membrane filter. HSC was 
used as a nitrogen source instead of polypepton. HSC was obtained 
from the plantar skin of h ealthy individuals with a corn scraper and 
chopped in to pieces sma ller than 0.5 mm". After t he minced HSC was 
rinsed with distilled water repeatedly, the insoluble protein was lyoph-
ilized and sterilized by ethylene oxide gas, afte r which it was added to 
each of t he culture media to a final concentration of 5 mg/ml. Inoculum 
size of C. albicans was adjusted to a concentration of 106 ce lls/ml using 
a hemacytometer. C. albicans was cul tivated in a shaking wate r bath at 
27"C for 8 days. A cell count during the cultivation was obtained by a 
hemacytometer every second day. 
Influence of the Culture Medium pH on the Growth of C. albicans 
The same composit ion of liquid culture medium, contain ing HSC as 
t he nitrogen source, was prepared in order to examine t he influence of 
t he culture medium pH on the growth of C. albican.s. The medium's pH 
was fixed and mainta ined throughout cul t ivation using 0.1 M citric 
acid-sodium phosphate buffer (pH 3.0, 4.0, 5.0, 6.0, 7.0) , or 0.1 M maleic 
ac id- Tris buffer (pH 8.0). Measurements were made of the cell count 
and medium's pH every second day. 
Inhibitory Effect of Various Kinds of Protease Inhibitors on the 
Growth of C. albicans 
The pH of the liquid cul ture medium was fixed at pH 4.0 using 0.1 
M citric ac id- sodium phosphate buffer. The concentration of HSC was 
5 mg/ml and inoculum size of C. albican.s was 106 cells/mi. From the 
outset of cultivation, various kinds of protease inhibitors were added 
to give t he final concentrations in t he media as follows: 10 IL g/ml N-
ethylmaleimide (NEM) , 10 mM EDTA, 10 ILg/ ml soy bean trypsin 
inhibi to r (SBTl). All t hree materials, obtained from Sigma Chemical 
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Co., were dissolved in sterile water. Pepstatin (10 JLg/ ml), purchased 
from the Protein Research Foundation (Osaka, Japan), was prepared 
in 0.005 N NaOH solu tion due to its insolubility in water. All four 
solutions were sterilized t hrough 0.2-pm membrane fil ters. Cul t ivation, 
without any protease inhibitor, was carried out as a control. A cell 
count was obtained every second day. 
Antifungal Effect of Pepslatin and Clalrimazole 
The cultivation method was as described above. Pepstatin was added 
at the commencement of cultivation to give the following concentra-
t ions in the media: 10, 1.0, 0.1 , 0.01 1-'g/ rnl. 
Clotrimazole, a well-known and commercia lly available antifungal 
agent, was obtained by cou rtesy of Bayer Yakuhin Co. (Osaka, Japan). 
Instead of pepstatin, clotrimazole was dissolved in 1% DMSO solution 
and added to the media to give the following concent rations: 100, 10, 
1.0 JLg/m l. 
RESULTS 
Influence of the Culture Medium pH on the Growth of C. 
albicans 
Fig 1 shows that growth of C. a.lbicans was most prominently 
observed in weakly acidic media, particularly at pH 4.0, but 
was inhibited above pl-1 6.0. 
Inhibitory Effect of Various ](inds of Protease Inhibitors on 
t h e Growth of C. albicans 
Fig 2 shows that the inhibitory effect on the growth of C. 
albicans was not observed after addition of NEM, EDTA, or 
SBTI when compared with t he control. However, pepstatin, a 
carboxyl protease inhibitor, strongly inhibited cell growth of C. 
albicans at a concent ration of 10 J.Lg/ ml. Although it is not 
indicated in Fig 2, only cultivation with 0.1 ml of 0.005 N 
NaOH solution affected neither t he pH of the culture medium 
nor the growth of C. albicans. 
Antifungal Effect of Pepstatin 
As pepstatin exhibited an antifungal effect at a concentration 
of 10 J.Lg/ ml, the inhibitory effect of it at lower concentrations 
was compared. Fig 3 shows that pepstatin at concentrations of 
1.0 and 0.1 J.Lg/ml strongly inhibited the growth of C. albicans, 
and that even at a very low concentration of 0.01 J.Lg/ ml, was 
still able to inhibit growth unt il the sixth day. Although the 
effect of pepstatin was not fungicidal, the cell count of C. 
a lbicans was able to be suppressed and maintained at less t han 
1.0 x 107 cells/ml even at a concentration of 0.01 J.Lg/ ml. 
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FIG 1. Influence of culture medium pH on the growth of C. albicans: 
pH 3.0 (0), pH 4.0 (6), pH 5.0 (x) , pH 6.0 (e) , pH 7.0 <•J, pH 8.0 (.A). 
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FIG 2. Inhibitory effect of various kinds of protease inhibitors on 
the growth of C. albica.ns: no inhibitor (@) , 10 JLg/ml NEM (e), 10 mM 
EDTA (.), 10 JLg/ ml SBTI (.A), 10 1-'g/ml pepstatin (X). 
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FIG 3. Antifungal effect of pepstatin: no inhibitor (@), 0.01 Jlg/ml 
pepstatin (e), 0.1 1-'g/ ml pepstatin <•J. 1 1-'g/ ml pepstatin (.&.) , 10 JLg/ 
ml pepstatin (x). 
Antifungal Effect of Clotrim.azole 
Various cnocentrations of clotrimazole were added instead of 
pepstatin in order to compare the antifungal activity. The 
growth of C. a.lbicans was found to be inhibited when compared 
with the control; however, its antifungal effect was relatively 
weak (Fig 4). Even in the case of t he 100 J.Lg/ ml addition , growth 
inhibition, although present throughout the 8 days, was still 
relatively weak. 
DISCUSSION 
What factors are closely related to the pathogenicity of 
candidiasis has long been a subject of discussion. Remold et al 
[2] purified a proteolytic enzyme from a cu lture medium con-
taining bovine serum albumin as the nitrogen source. Subse-
quently Macdonald and Odds [6] indicated that purified pro-
teinase from C. albicans could be used as a precipitin antigen 
for the serodiagnosis of systemic candidiasis with precipit in 
titers being found to be parallel to systemic tissue invasion. 
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FIG 4. Antifungal effect of clotrimazole: no inhibitor (@), 1 J.Lg/ml 
clotrimazole (•), 10 J.Lg/ml clotrimazole (.A.) , 100 J.Lg/ml clotrimazole 
(X). 
However, they did not mention whether or not t his enzyme 
played an important role in superficial candidiasis. H attori et 
al [4] demonstrated t he induction of KPase in medium con-
taining human plantar stratum corneum as the ni trogen source. 
However KPase was never obtained when cultivated in Sa-
bouraud's dextrose broth. A possible explanation for this could 
be that as Sabouraud's dextrose broth already contains suffi-
cient nutrients, the secretion of KPase is therefore not neces-
sary. However, product ion of KPase was necessary when cul-
t ivated in medium containing HSC. This probably occurs be-
cause HSC consists of highly resistant and insoluble proteins, 
and C. albicans therefore may not be able to obtain nutritive 
substances without t he presence of KPase. C. albicans might 
have the ability to secrete KPase genetically, but only when 
there are no readily available nutritive substances, thereby 
prompting C. albicans to secrete KPase in order to penetrate 
and multiply within t he stratum corneum. This present study 
attempted to clarify t he biologic role of KPase and its inhibi-
tors. 
An obse rved rapid growth of C. a.lbicans at pH 4.0 is consist-
ent with the findin g t hat t he optimum pH of KPase was 4.0 
and that the skin surface has a weakly acidic pH in vivo, 
thereby consequent ly suggesting t he necessity of KPase for the 
growth of C. a.lbicans. The second stage of t he experiment 
involved the addit ion of various kinds of protease inhibitors to 
the media. Among the inhibitors prepared, only pepstatin, a 
specific inhibitor of KPase, was able to strongly inhibit cell 
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growth at a very low concentration . This result supports the 
hypothesis that KPase is an essential pathogenetic factor for 
the growth of C. a.lbica.ns and suggests that pepstatin suppresses 
the growth of C. a.lbicans by inhibiting the activity of KPase, 
thereby causing the death of C. a.lbica.ns through lack of nu-
trients. Pepstatin showed a strong antifungal effect dependent 
upon its concentration with said effect being stronger than that 
of clotrimazole, a commercially used antifungal agent. The 
minimum inhibitory concentration observed for clotrimazole 
was higher than that reported in in vitro studies in the literature 
[7] . Possible causes for this difference may be that, in this 
study, HSC was used as the nitrogen source and the pH of the 
medium was 4.0. The authors considered it important to use 
biologic (HSC) medium that was similar to that encountered 
in vivo in order to evaluate antifungal agents, and in such 
conditions, pepstatin was found to have a strong antifungal 
effect. 
Pepstatin was found in the culture infiltrates of various 
species of actinomycetes by Umezawa et a l [8] in 1970 and is 
known as a specific low-molecular-weight inhibitor of pepsin. 
At present, pepstatin is widely used as a carboxyl protease 
inhibitor. It is poorly absorbed by t he digestive tract, and has 
a very low toxicity as indicated by animal safety experiments. 
Many compounds have been reported as antifungal agents, 
however there has been no reported usage of a specific enzyme 
inhibitor as antifungal agent [9] . Al though pepstatin did not 
have a fungicidal action, it may in t he future be used as a new 
type of antifungal agent due to its strong antifungal effect and 
low toxicity. The authors are now investigating the effect of 
pepstatin in vivo and the relation between the pH of affected 
skin and candidiasis. 
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